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The determination of the radon content of water samples is the recommended geochemical technique for uranium exploration in the area.
The determination of uranium in water and in organic-rich bog material is also recommended. Stratigraphic descriptions of these rocks are in Houston and others (1968) for the Medicine Bow Mountains and in Houston, Schuster, and Ebbett (1975) for the Sierra Madre. Virtually all geologists who have examined these rocks, beginning with Van Hise and Leith (1909) and continuing with Blackwelder (1935), Houston and others (1968) , Young (1970) and Houston, Schuster and Ebbett (1975) , have noted the strong lithologic resemblance of these metasedimentary rocks with those of Early Proterozoic age (Early Precambrian X) on the north shore of Lake Huron.
The age of the metasedimentary rocks is not accurately determined by geochronologic studies; however, the rocks are bracketed between about 2.5 b.y., the age of the rocks on which they were deposited, and about 1.7 b.y., a metamorphic event that affected the rocks (Hills and others, 1968; Hills and others, 1975; Divis, 1976) . The age determinations are thus compatible with the geologic guess that these rocks are Precambrian X, but do not confirm an Early Precambrian X age.
T. 18 N.
T.I6N.
13 N. From an economic viewpoint it is important to establish an exact age for these rocks, because sedimentary rocks older than about 2 b.y. are now believed to have been deposited in an atmosphere having a lower partial pressure of oxygen than that of today; under such atmospheric conditions placer deposits that contain uranium-bearing minerals could have formed (Cloud, 1968; Roscoe, 1973) . Uranium-bearing minerals are present in placer deposits of major economic significance in the Blind River and Elliot Lake areas on the north shore of Lake Huron in Canada (Roscoe, 1969; Robertson, 1976 If rounded pyrite is present in the quartzite, it suggests an atmosphere favorable for transportation of pyrite at the time of deposition and supports the hypothesis of an Early Precambrian X age for the rocks.
In any event, this evidence of oxidation suggested that geochemical exploration methods should be devised that detect the presence of uranium where extensive surface alteration has occurred, and the following report discusses the results of this exploration geochemistry study. The area around Arrastre Lake was selected for study because of the presence of a slightly radioactive conglomerate of the Deep Lake Formation.
The geology of the Medicine Bow Mountains is described in Houston and others (1968) and in this report. Arrastre Lake is located approximately in the core of an anticline formed by the Deep Lake Formation.
Methods
The purpose of the mineral survey was to determine if the area had potential for uranium deposits and what geochemical methods would be the most effective for locating favorable areas. Water samples collected from lakes, streams, seeps, and springs ( fig. 4) were analyzed for calcium, magnesium, sodium, potassium, bicarbonate, fluoride, chloride, sulfate, silica, copper, zinc, uranium, radium, radon, and specific conductance.
Temperature and pH were determined at the sample site. The methods of collection and chemical analyses for all the species except uranium, radium, and radon are described in Miller and Ficklin (1976) . The results of the charge balance are all within 20 percent and half are within 5 percent.
For fluorometric determination of uranium, 500-ml samples of water were collected separately and acidified with nitric acid to pH 2. In the laboratory, the uranium was extracted using Amberlite IRC-50 ion exchange resin. The resin was then burned off and the residue treated according to the method of Centanni and others (1956) , except that a Na 2 C0 3 -K 2 C0 3 -NaF flux was used in place of the suggested flux.
Q water for radon analysis For determination of radon gas in water, 50-ml samples of water were collected and stored in glass containers. Within several days, radon-222 was determined by the U.S. Geological Survey: water was degassed and ithe radon determined by alpha scintillation. The sample was then allowed to age and the radon was determined again so that radium could be calculated.
Uranium in bog material and in rocks (figs. 4 and 5) was determined fluorometrically according to the method of Centanni and others (1956) .
The bog material was oven-dried and then ashed overnight at 550°C. Thorium in the rocks was determined colorimetrically according to the method of Stanton (1971) . Organic-rich lake sediments, soils, stream sediments, and conifer cones and needles were also collected, but each of these sample types had shortcomings. Consequently, they were not analyzed and will not be discussed.
Uranium in Surface Rocks
The uranium content of the surface rocks in the study area is not unusually high (table 2a) . Uranium in the presence of oxygen is readily oxidized to the hexavalent state, which is readily soluble in water.
Unlike uranium, radium does not easily form soluble compounds except in the presence of concentrated-chloride waters. Therefore, the uranium content of the surface rocks originally may have been higher. The surface rocks appear to be leached, and the equivalent uranium (eU) content is higher than can be accounted for by a scan of the uranium, thorium, and potassium. A comparison of the eU with uranium and thorium is shown on table 2b. The excess eU may be due to residual radium, which may still be present in the surface rocks. The highest values of uranium occur in the conglomerate associated with the Deep Lake Formation, which crops out northeast of Arrastre Lake ( fig. 6 ). 
Geochemistry of Maters
Chemical analyses of waters collected from streams, lakes, springs, and seeps are shown in table 3. The waters of the area are primarily calcium bicarbonate waters, but are extremely dilute. The small amounts of dissolved solids in the waters indicate either extremely short contact time of the waters with the rocks of the area, or that the rocks have been leached of the more reactive minerals. Because the waters are extremely dilute with respect to the total dissolved solids, the uranium content is not unusually low. The highest content occurs north of Arrastre Lake ( fig. 7 ). Because much of the water in contact with the radioactive conglomerate of the Deep Lake Formation drains toward Arrastre Lake, the higher concentration of uranium around the lake is probably derived from this information.
The amount of radon gas dissolved in the water was determined on seven water samples (table 4) . Radon, a daughter product of uranium-238, is a positive indication of uranium. Its short half life (3.8 days) does not allow long migration in water. The radon content of the waters near Arrastre Lake is extremely high, particularly for dilute waters. The equivalent amount of uranium-238 needed to produce the amount of radon-222 in the waters is shown in table 4. This amount greatly exceeds the uranium content of the surface rocks. In addition, table 4 shows the amount of radon-222 in the water samples that could have been derived from uranium-238
and radium-226 accompanying the radon in the water. In all cases, the amount of radon-222 in the water samples far exceeds these amounts. eRn (u) ^s t'ie amount °f ^don-222 that would be in equilibrium with the dissolved uranium in the water. 2 eRn/« x is the amount of radon-222 that would be in equilibrium with the dissolved radium-226 in the water. 3 eU is the amount of uranium-238, in mg, that each liter of water must come in contact with in order to generate the amount of radon-222 that is present in the water.
( not analyzed) 20 Two sources of the radon gas are possible. Radon gas can be generated by the normal decay of uranium-238 in the subsurface and can then migrate upward in the ground water, or residual radium may still be present in the surface rocks. If radium is present, its normal decay will generate radon. If it is assumed that the subsurface rocks have not been leached of uranium, then,in either situation, the high values for radon are a positive indication of a higher uranium content in the subsurface rocks. The highest values for radon occur around Arrastre Lake ( fig. 6 ), where six of the seven samples were taken. Radon in waters is the recommended sampling technique for geochemical exploration of uranium in the general area. Also recommended is uranium in waters and in organic-rich bog material. 
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